Introduction: Hypothyroidism has been reported to affect renal function and structure. However, the association of hypothyroidism with distal renal tubular acidosis (dRTA) is rarely reported in children.
INTRODUCTION
Renal function and structure is affected by the disorders of thyroid gland (1) (2) (3) . Also, it is reported that renal growth improves after intake of thyroxine supplements in congenital hypothyroidism patients (4) . Hypothyroidism of autoimmune as well as non-autoimmune etiology has been associated with distal renal tubular acidosis (dRTA) in adult population (5, 6) . However, in pediatric population there is only one case of dTRA associated with Hashimoto thyroiditis reported till date (7) . Hereby, we have reported a case of a 6-year-old boy with Down syndrome and Hashimoto thyroiditis who was diagnosed to have dRTA and nephrocalcinosis.
CASE PRESENTATION
A 6-year-old boy was admitted to our department due to vomiting, weakness, polyuria, polydipsia, irritability and weight loss in the last few weeks. The patient is the third child of the fourth pregnancy, one of which ended up with abortion. He was born at term, through Cesarean section, weighting 3400 g. Down syndrome was suspected clinically at birth and confirmed by karyotyping (47XX, t21).
The body weight on admission was 14.5 kg and the body height was 93 cm (20 th and 5 th percentile for sex and age in Down syndrome, respectively) (8) .
Typical features of Down syndrome were present, including typical facies and generalized hypotonia. A 3/6 heart murmur was heard on auscultation, and transthoracic echocardiography revealed a low grade aortic regurgitation. The rest of his physical examination was unremarkable.
Laboratory studies revealed red blood cell count 2.14 x 10 12 /l, Hb 6.1 gr/dL, Htc 17.5%, platelet count 272000/mm 3 proteinuria (+) and negative glucose. Urine microscopy showed 15 erythrocytes/hpf, 20 leucocytes/hpf and 20-30 bacteria/hpf; specifi c gravity was 1.005, and urinary pH was 7.0. Urine culture resulted positive for E. Coli.
Urinary uric acid was low at 774.0 umol/24h (normal values 1480-4430 umol/24h) as was citrate 21 mg/24h (normal value >115mg/24h). The urine calcium to creatinine ratio was 1.2 mmol/mmol (normal value < 1.1 mmol/mmol). In the view of normal anion gap hyperchloremic metabolic acidosis, alkaline urine and hypokalemia the diagnosis of dTRA was made.
Additional analysis searching for etiology of dTRA revealed serum 1,25-dihydroxyvitamin D 1.2 ng/ml (normal values 10.8-54 ng/ml), parathyroid hormone 27.2 pg/ml (normal values 6.5-36.8 pg/ml), free serum T4 2.20 pmol/l (normal values 10.3-25.8 pmol/l) and thyroid-stimulating hormone >1000.0 mU/l (normal values 0.54-4.21 mU/l). Prolactin was 163.9 ng/mL (normal values 3.2-20 ng/mL), while other hormonal profi les such as adrenocorticotropic hormone, luteinizing hormone, follicle-stimulating hormone and growth hormone were normal. Anti-thyroid peroxidase (TPO) antibody was >1000.0 IU/ml (normal value <50 IU/ml) and Thyroglobulin (hTg) was 3.41 ng/ml (normal values 0.2-70.0 ng/ml). Hence, Hashimoto thyroiditis as a possible cause was postulated. Moreover, antinuclear antibodies (ANA) test resulted negative.
The renal ultrasound showed hyper-echoic regions in the renal medulla consistent with bilateral nephrocalcinosis grade I (Figure 1 ), also confi rmed by abdominal CT ( Figure  2 ). Brain magnetic resonance imaging revealed pituitary enlargement (Figure 3 ).
Treatment and follow up
Intravenous rehydration was started. The bicarbonate defi cit was calculated, and KCl was added after the patient had his fi rst urinary void. Blood gas analysis after 12 hours revealed increasing pH, HCO 3 and K values. Packed red blood cells were then administered. The patient was put on potassium citrate and thyroid hormone substitution therapy. Also, intravenous antibiotherapy and oral ferrous supplements were started to treat urinary tract infection and anemia, respectively. On follow-up after six months, no evidence of metabolic acidosis and a nearly normal serum potassium level (3.4 mEq/L) were found. Urinary random analysis was normal. Patient's weight was 16 kg and his height 98 cm (25 th and 10 th percetile, respectively). His thyroid hormone profi le was within normal range. Also, prolactin, cholesterol, triglycerides and complete blood count analysis were normalizing. The patient is on regular follow-up.
DISCUSSION
The combination of autoimmune hypothyroidism and dRTA has been rarely described in the literature (1, 9) . However, dTRA has been reported in other autoimmune disorders including Sjogrens syndrome, systemic lupus erythematosus, etc. (10) . Although the mechanism remains unclear, immune-related dRTA as a result of a gradient defect with bicarbonate leak into the tubular lumen has been reported as a possible mechanism (11) . On the other hand, dRTA was also reported in non-autoimmune hypothyroidism (12) . Likewise, a defect in the renal acidifi cation was observed in hypothyroid rats (13) .
The association of congenital hypothyroidism with nephrocalcinosis has been reported previously. The postulated mechanism was that mitochondria accumulate calcium against concentration gradient in proximal or distal renal tubular cells. Hypothyroidism affects this mechanism, leading to high intracytoplasmic calcium concentrations predisposing to nephrocalcinosis (14) .
Because nephrocalcinosis itself can cause dRTA and vice versa, distinguishing the initial insult can be difficult. However, calcium levels do not have to be increased for nephrocalcinosis to develop in hypothyroidism (14) . Thus, hypothyroidism, as a cause of simultaneous dTRA and nephrocalcinosis development seems the most possible mechanism. Then, vicious circle between dTRA and nephrocalcinosis might have hastened the condition.
Down syndrome was also reported to be associated with nephrocalcinosis. But, in contrast to our case, very high serum calcium levels were found in all reported patients (15, 16) and passive calcium absorption in the gut was suggested as a possible mechanism.
Hyperprolactinemia and pituitary enlargement secondary to pituitary hyperplasia has been previously reported in patients with primary hypothyroidism (17). Decreased prolactin level after thyroxine therapy in our patient adds more evidence.
At the best of our knowledge this is the second case reporting on Hashimoto thyroiditis associated with dTRA. The first reported case presented a 12-year-old girl with a multiple autoimmune disorders. She showed Hashimoto thyroiditis and distal renal tubular acidosis at 5 years of age, pernicious anemia at the age of 9 and encephalopathy at the age of 12. Hence, patients with autoimmune disorders should be carefully followed-up for possible consequences and further multisystem disorders development. 
